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Numerous health care systems are designed without consideration of user-centered design guidelines. Consequently, systems are
created ad hoc, users are dissatisﬁed and often systems are abandoned. This is not only a waste of human resources, but economic
resources as well. In order to salvage such systems, we have combined diﬀerent methods from the area of computer science, cognitive
science, psychology, and human–computer interaction to formulate a framework for guiding the redesign process. The paper pro-
vides a review of the diﬀerent methods involved in this process and presents a life cycle of our redesign approach. Following the
description of the methods, we present a case study, which shows a successfully applied example of the use of this framework. A
comparison between the original and redesigned interfaces showed improvements in system usefulness, information quality, and
interface quality.
 2004 Elsevier Inc. All rights reserved.
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The goal in the design of user-centered software is to
create systems that are modeled after the characteristics
and tasks of the users. Employing cardinal axioms of
good design early and throughout the design life cycle
gives rise to systems that are easy to learn, increase user
productivity and satisfaction, increase user acceptance,
decrease user errors, and decrease user training time.
In converse, not doing so often requires the redesign
of a system. Redesigning interfaces is not only time con-
suming, but costly and frustrating for both the users and
designers.
Health care software developers often overlook rele-
vant user characteristics, user tasks, user preferences,
and usability issues, resulting in systems that decrease
productivity or simply remain unusable. The US Gen-1532-0464/$ - see front matter  2004 Elsevier Inc. All rights reserved.
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engineering, found that 98% of software designed for
the US government was ‘‘unusable as delivered’’ [1]. Sit-
tig and Stead [2] additionally found this same problem
in clinical information systems. In one system reviewed
system implementation took three years longer than in-
tended and the cost was approximately three times
greater than the original budget [2]. Several factors
could be ascribed to poor systems development such
as cost and time restrictions and/or developer lack of
user-centered design knowledge. Only 61% of informa-
tion system projects meet the requirements of the
customers speciﬁcations [3]. Furthermore, 63% of pro-
jects go over their estimated budgets with the top cited
reasons related to initial inadequate user analysis [4].
Simply put, not enough resources are being allocated
to basic design principles, especially in the beginning
phase of a project. Fixing a problem in the development
phase is estimated to cost 10 times more than ﬁxing a
problem in the design phase. Fixing a problem after
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problem in the design phase [5]. Incorporating good de-
sign principles in the beginning phase of a project not
only saves time and money, but also decreases design
changes late in the development process [6].
In the current information age, health care providers
are challenged with an increasing amount of informa-
tion, and therefore have a greater need to utilize technol-
ogies to eﬃciently manage such information. Their
ability to easily adopt and implement these technologies
depends upon the ease of use of these tools. Information
technology is changing the way patient information is
obtained and gathered and can impact the decision-
making processes of clinicians. It is well documented
that poor information displays can lead to ineﬃcient
care which may include redundant ordering of tests or
missing information important to the diagnosis of the
patient [7–9]. The key is having the right information
in the right place for the right clinician. Clinicians need
a concise conceptualization and representation of com-
plex clinical data for accurate problem solving and deci-
sion making. Therefore, health care applications must
be carefully crafted, considering the diﬀerent back-
grounds and tasks of the health care providers, to ensure
not only that these programs meet the standards and
models outlined by the profession, but are intuitive
and easy to use.
There are several valid user-centered design method-
ologies, however, none address the methods required in
the process of redesign. This paper reviews the methods
required in redesigning user-centered interfaces and pre-
sents a framework for the redesign process. These meth-
ods are based on well-published guidelines from the
areas of computer science, cognitive science, psychology,
and human–computer interaction. Furthermore, in the
case study we show how we successfully applied this
methodology to the redesign of a diﬃcult-to-use health
care system that in the end showed signiﬁcant improve-
ment in system usefulness, information quality, and
interface quality.2. Human–computer interface design methods
There are well-published guidelines and principles for
designing systems that provide comprehensive utility or
functionality and usability. The ‘‘Logical User-Centered
Interactive Design Methodology’’ [10] and others [6,11]
propose valid user-centered methodologies. Although
their methods focus on the design methodology required
to build user-centered software from the product con-
ception stage to full roll-out of the software, our meth-
ods focus on redesigning deﬁcient health care software
that has been previously rolled-out.
Typically, once a software product has been con-
ceived and the user population identiﬁed, the next stepis to conduct the following analyses: a user analysis,
an environmental analysis, a task analysis, a functional
analysis, and a representational analysis. Each of these
analyses provides diﬀerent, but necessary components
in order to design the initial prototype or redesign a
ﬂawed system. User analysis consists of examining the
characteristics of the intended users. Environmental
analysis not only examines the environment in which
the users work, but also their social and cultural milieu.
The task analysis considers the tasks and goals of the
users. The functional analysis is a high-level process that
focuses on structures of the work and the cognitive
activities of the users. Finally, the representational anal-
ysis examines the optimum information display format
for each task. These steps are usually taken during the
initial design process.
In the redesign process, not only are these analyses
considered, but comparative analyses, heuristic evalua-
tions, comparisons of the users and the designers con-
ceptual model, small-scale usability studies, and a
comparison of the old and new system are also con-
ducted to identify problems within the original system
and uncover potential ﬂaws within the redesigned sys-
tem. The remainder of this section provides details on
all the steps used in the redesign process.
2.1. User/environmental analysis
One of the most important issues in the design of
usable applications is to learn about the people who will
be using the application. This information is needed be-
cause diﬀerent types of users require diﬀerent types of
interfaces [12]. Novice users, for example, will require
frequent informative feedback as opposed to expert
users who will require rapid response time and the avail-
ability of shortcuts [11,13]. A user analysis proﬁles the
characteristics of the intended users of the system, such
as age, education, skill level, cultural background, goals,
computer literacy level, frequency of use, and familiarity
with the domain. User capabilities can be determined
through a survey/questionnaire approach, direct inter-
view, or direct observation [14,15,11]. A major goal in
the development of usable health care software should
be to design a system that matches users capabilities.
Environmental analysis speciﬁes the conditions in
which systems are used. Several aspects of the physical
environment are signiﬁcant to the design of the interface.
The place and conditions in which the system is used can
be a deciding determinant for the type of interaction the
user has with the system and the users progress with the
system [16]. Examining environmental issues such as
space, lighting, noise, availability of resources, danger,
speed, power sources, and social and cultural issues are
an integral part of the environmental analysis [15].
The social environment of the users can impact the
success or failure of a system. Social issues that need
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(1) Do the users share information and work together;
and (2) Are resources readily available to assist the users
[15]. Cultural issues are signiﬁcant to consider and not
only relate to ethnicity, but also to socioeconomic sta-
tus, professional status, and regional diﬀerences. These
diﬀerences can aﬀect working routines, interactions with
others, values, and biases [15]. Taking the characteristics
of the users and the environment into account addresses
only two points of the triad of good human–computer
interaction design. The users tasks must also be consid-
ered using a technique called task analysis. We must also
consider the users tasks by using a technique called task
analysis.
2.2. Task analysis
Task analysis is the process of identifying system
functions that have to be performed, the required input
and output formats, system constraints, information
categories and ﬂow, and the communication needs of
the users [12,15,17,18]. Essentially, it examines the goals
of the users and how the users will or should interact
with the system to reach these goals.
There are many diﬀerent types of task analyses. Tech-
niques such as questionnaires/surveys, interviews, obser-
vation, and laboratory ﬁeld studies provide diﬀerent
types of data for analyses. One of the best approaches
to obtaining large amounts of data concerning the users
tasks is ﬁeld observation. Field observation is an ethno-
graphic approach that involves observing users in their
own environment [17,19,20]. The beneﬁt of this ap-
proach involves obtaining detailed information about
people performing their tasks in their natural environ-
ment over a sustained time period. This adds richness
to the data that could not be obtained through a survey
or questionnaire [21]. The limitation of this approach is
the processing of the ﬁeld notes, which can potentially
conceal the complexity of the task observed [21]. Once
analyses of the tasks have occurred it is necessary to
consider how these data will be presented. Some data
presentation techniques to consider are hierarchical
analyses, ﬂow diagrams, archetypes, scenarios, and se-
quence diagrams and tables [17,19,21]. How these data
are presented will depend upon the task of the user
and the most eﬀective way to represent this information
to the designers.
A task analysis should be considered an iterative pro-
cess and one that is done at many diﬀerent stages in the
design process. The type of task analysis considered is
mainly dependent upon the design stage and type of
task. For example, in the health care environment, task
analysis requires examining the roles of users from many
diﬀerent types of disciplines in many diﬀerent types of
environments. A task analysis should ensure that only
the necessary and suﬃcient task features that matchthe users capacities and are required by the task are in-
cluded in the system implementation. Extra features that
are not required by the task will only complicate the
interface and generate extra processing demands for
the user, thus making the system harder to use. It is a
systematic approach to understanding a users job and
what the user is trying to accomplish [17,22,15,18,23].
Ultimately, it will guide the overall system design, the
usability speciﬁcations, and system functionally. There
are many types of task analyses and understanding the
user and environment can assist in choosing the one that
will provide the most useful information.
2.3. Representational analysis
Representational analysis identiﬁes the optimum way
to display information to the user according to their
respective tasks. This analysis helps match each infor-
mation display to each user task. One of the key con-
cerns with representational analysis is to identify ways
to represent information that decreases the amount of
internal processing that goes into solving a problem.
Diﬀerent representations of the same abstract process
can make the problem more diﬃcult or easier [24]. For
example, Zhang and Norman [24] describe carrying
out simple multiplication with Arabic versus roman
numerals. Although both numbering systems represent
the same abstract process, it is diﬃcult for people at ease
with a decimal system to render a product using roman
numerals. The same concept can be applied to the dis-
plays of information. A good representation of informa-
tion should enhance problem solving by decreasing
cognitive demands. In the case of an extended family
history, it is easier to read and evaluate a pedigree (fam-
ily tree) than pages of historical text. The availability of
data alone without a graphic display of information
forces the collection, maintenance, and integration of
these data mentally, which increases the probability of
error [25]. In addition, performance is improved when
information is displayed extrinsically through pattern
recognition rather than intrinsically through straight
text which requires intense cognitive activities such as
memory and deduction [25–27].
Representational analysis is an approach that breaks
down a task into parts, examines the representational
attributes of each part, and identiﬁes the external repre-
sentation that supports the task of the user [24]. The
goal in identifying the external representation that best
supports the users tasks is to reduce the cognitive load
of the user and increase the ability to easily reason in
complex domains.
2.3.1. Types of interface designs
There are two basic interface designs; direct manipu-
lation where the user is engaged with the objects of inter-
est and the conversational system where the user is
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guage as the medium of exchange [28]. A direct manip-
ulation interface is an interface that provides a visual
representation of the required tasks through the use of
objects or icons. Although there are advantages to both,
direct manipulation interfaces can be modeled after the
users real-world tasks. These interfaces use a natural
representation of task objects and actions that mimics
the users tasks. The beneﬁts of utilizing such an inter-
face based on metaphors are easy learnability, decreased
human errors, and easy reversal of actions [11]. In gen-
eral, the direct manipulation interface promotes explor-
atory learning, making the users feel more in control.
The disadvantages are technical problems related to
screen space and system resources. This interface causes
problems if the users do not have the level of domain
knowledge that is necessary to carry out the respective
tasks [11].
2.4. Functional analysis
A functional analysis examines the relationships of
the entities within the domain, the user goals and how
the users will reach these goals, the structures needed
for successful goal completion, and the information ﬂow
within the system [18,29]. There are two main parts to
the functional analysis: (1) the work domain analysis
and (2) the cognitive work analysis. The work domain
analysis considers the structures of the work domain.
The cognitive work analysis as it implies, examines the
cognitive activities in the work domain. This type of
analysis is an abstract process that identiﬁes top-level
domain structures.3. Human–computer interface evaluation methods
3.1. Inspection methods
The objective of inspection methods is to uncover
problems with user interfaces and make suggestions
for ﬁxing the problem [30]. They are considered evalua-
tion methods that are completed when the user interface
is ready for user testing. There are published methods
for speciﬁcally evaluating clinical information systems
[30a]. To begin, we describe one of the most common
inspection methods—heuristic evaluation.
3.1.1. Heuristic evaluation
Heuristic evaluation is one of the most commonly
used inspection techniques due to its low cost and low
skill requirements [31]. The technique requires that a
small set of experts evaluate a user interface based on
their knowledge of human cognition and interface de-
sign rules of thumb (heuristics) [11,12,32,33]. Once the
violations of the heuristics are identiﬁed, experts ratethe problems in terms of severity on a scale from 1, indi-
cating a cosmetic problem (ﬁx can wait), to 4, indicating
a catastrophic problem (immediate ﬁx) [32].
Heuristic evaluations are generally good at exposing
the majority of usability problems within an interface
[34]. However, heuristic evaluations cannot reveal all
problems, and the strength of the test lies in uncovering
local problems. Using this technique along with other
techniques will reveal both local and global problems
[35].
3.2. Comparison of the users and designers conceptual
model
The users and designers conceptual model or mental
model of a task as deﬁned in the functionality and
usability of an interface is sometimes diﬀerent. The
designers mental model of the users tasks are formed
through the task analysis and are represented in their de-
sign of the interface. The users mental models of their
tasks are formed through their interaction with the sys-
tem. Mismatches between the users and designers
respective mental models causes problems on both sides.
For the user, there are problems with easily getting what
they need from the system and not having an open dia-
logue with the system. For the designer, mismatches in-
creases their workload through increased technical
support or worse, redesign of the entire application.
We discuss several evaluation techniques that disclose
mismatches before the application is rolled-out.
3.2.1. Keystroke level model
Comparing the users and designers conceptual mod-
el using the technique of the keystroke level model can
identify temporal problems within an interface [36].
The keystroke level model shows diﬀerences in execution
times of each performed task by summing up the time
taken for keystrokes, pointing, clicking, thinking, wait-
ing, and deciding. Although the keystroke level model
is tedious to perform, it can show problems with the pre-
dicted execution times of an application and point out
particular areas where a user might be spending an inor-
dinate amount of unnecessary time with the functional-
ity of an application. It is a good method to use where
time is a factor in performing tasks.
3.3. Cognitive walkthrough
Comparing the users and designers conceptual mod-
el using the technique of the cognitive walkthrough can
identify learning problems within an interface [30b]. The
cognitive walkthrough can disclose many problems that
a ﬁrst-time user would encounter with system function-
ality and ease of system use. It deﬁnes how well the
interface supports ‘‘exploratory learning,’’ or how well
the ﬁrst time user can perform a task without formal
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design that would interfere with the users performing a
task. It also explains mismatches between the users
and the designers conception of a task [37]. The cogni-
tive walkthrough consists of answering a set of questions
that identify the users goals and how easy it is for the
user to meet these goals. Before beginning this type of
analysis, the designer must know their users, the respec-
tive tasks they will be performing, and the accurate ac-
tion order for each task [37].
3.4. Comparative analysis
Comparative analysis examines diﬀerent aspects of
other similar commercially available applications. This
type of analysis compares the original applications with
the other application costs, program type, functionality,
usability aspects of the interface screens, import/export
functions, and user platforms. It assists with deﬁning
alternative representations and is a signiﬁcant part of
the analysis in redesigning interfaces [12]. It can provide
design ideas and determine what is good and what is bad
about the existing products on the market.
3.5. Small-scale usability studies
Small-scale usability studies are an important way to
validate interface design decisions and to test alternative
interfaces. These studies include talk aloud methods [30]
in the controlled environment of the lab, in which the
users talk about what they are doing and thinking out
loud as they use the interface. The aim of this technique
is to collect procedural information about mental pro-
cessing; wherein the investigator can make deductions
about problems a potential user may have with an inter-
face. The use of audio-video recordings while the subjects
are working with the interface provides a rich source of
data for later coding and analysis [38]. These types of tests
uncover hidden functional and interface design ﬂaws.
Speciﬁcally, the studies uncover diﬀerences between the
users and designers mental models of an application.
3.6. Comparison of the redesigned application with the
original application
Comparison of a newly designed application with the
original application in a controlled laboratory environ-
ment can show whether the redesigned application is
better, worse or unchanged in terms of functionality
and usability. This type of test is constructed as an
experimental design where subjects are randomized
and there are dependent and independent variables.
One method to carry out this type of study is to ﬁrst
determine a set of typical tasks performed within both
the redesigned and original interfaces. Once a represen-
tative sample of subjects is recruited, they are random-ized to ﬁrst carry out these sets of tasks in either the
original or redesigned versions. The subjects are asked
to talk aloud while performing these tasks. While the
analyst takes ﬁeld notes, the voices of the subjects are
audiotaped, while the computer screens are videotaped
for later analysis. After the subjects have completed
the tasks in one application, they are asked to complete
a questionnaire measuring overall user satisfaction
regarding the ease of use, user eﬃciency, productivity,
error rate, and many other outcome evaluations, before
carrying out the prescribed set of tasks in the other
application. There are several such questionnaires that
have been tested for reliability and validity [39–41].
The results of the questionnaire, task completion time,
and task success are measured and compared to deter-
mine if the redesigned application shows improvement
over the original application.4. An approach to redesigning a health care application:
a case study
In this section we provide a case study based on our
prior experience in redesigning a health care application
using a redesign approach that combines several design
and evaluation methods. The order of the steps pre-
sented herein is the sequence that should be considered
in redesigning applications. The various approaches de-
scribed above are shown in our case study below.
In 1997, a family history-tracking and pedigree draw-
ing program was designed at a large teaching hospital in
Houston, Texas for conducting genetics studies as a part
of an academic program [42]. Although this tracking
program had much functionality, an initial user survey
and usability analysis revealed important missing func-
tions and a host of usability problems. The tracking pro-
gram needed more externalization of information and
perceptual cues for operating procedures so as to in-
crease the directness of the interface. Without good
functionality and usability, it remained limited in its util-
ity in clinical, research, and educational settings. Thus,
we began conducting various analyses to determine the
extent of the functional and usability issues. The results
presented herein show how the approach we used can be
used in the redesign of any type of software. These re-
sults show how we used the methods previously outlined
to successfully redesign a health care application.
4.1. Step 1: Analysis of the original application
To establish what components of the original system
needed to be redesigned, we ﬁrst conducted a user, envi-
ronmental and task analyses, heuristic evaluation, and a
comparison of the users and designers conceptualiza-
tion of the tasks. These analyses provided the empirical
evidence for the process of redesign.
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along a horizontal dimension, according to their diﬀer-
ent types of tasks, and a vertical dimension, according
to their diﬀerent levels of experience for speciﬁc types
of tasks using a matrix. Along the horizontal dimension,
existing users of the tracking program were health care
professionals. Along the vertical dimension, existing
users were computer literate at the novice, intermediate
and expert levels, males and females with education lev-
els ranging from high school to post graduate degrees.
Although this was a rather homogeneous population
in terms of computer knowledge, most problems arose
with this population when the tracking program was
not consistent with other programs they had used in
the past. In this regard, there were user errors, com-
plaints, and loss of productivity. Open-ended interviews
with the users provided additional information on what
the users liked and disliked about the program and what
extra features they would like to see incorporated into
the program.
The environmental analysis showed that this applica-
tion was used mainly in the private oﬃce environment
without potential exposure to patients and other indi-
viduals. The system was only available to authorized
users and was password secured.
The initial task analysis consisted of open-ended
interviews to determine the users tasks, including what,
how, and when the tasks were done. These data were re-
viewed with the users through scenarios, tables of tasks,
and a hierarchical task analysis.
The tasks of the current users were analyzed by a
hierarchical task analysis, which was completed on each
task in the original application. This type of task analy-Fig. 1. Data-entry screen insis allowed us to determine the goals of the users, the re-
quired functionality of the redesigned program, and it
additionally identiﬁed steps in the original program that
imposed an unnecessary cognitive load for the user. For
example, to print a pedigree in the original program, the
user had to perform a total of 29 steps, which included
ﬁnding the family to print the pedigree. It was deter-
mined through this methodology that tasks such as this
could be signiﬁcantly reduced in the redesigned
program.
The tracking program was thoroughly assessed for
problematic areas through the use of several ap-
proaches. Number one, a heuristic evaluation uncovered
at least one heuristic violation in all of the categories re-
viewed [11,12]. There were problems with visibility, con-
sistency, use of natural language, informative feedback,
minimizing the users memory load, reversible actions,
error messages, ﬂexibility, and many other violations
[43]. Although these usability problems have been previ-
ously reported, one of the catastrophic problems created
by the designer was the use of cryptic, programmer-de-
ﬁned variable names in the user interface screens instead
of changing the names to reﬂect natural language. This
is not only problematic for ﬁrst time users, but all users.
An example of this can be seen in Fig. 1.
A comparison of a ﬁrst-time users and designers
conceptualization of each task showed that the users
mental model acquired through their contact with the
system did not mirror the designers conceptual model
displayed through the systems model. A breach between
these models resulted in major usability and functional
problems. For example, the buttons shown in Fig. 1
were confusing to ﬁrst time and seasoned users. If theoriginal application.
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ular patient and did not click on ‘‘save’’ before clicking
on ‘‘ﬁnish,’’ then these data would not be saved and the
user was not warned about this action. Often the user
did not know these data were not saved until they
printed a pedigree and these data were missing. This re-
quired a signiﬁcant amount of extra steps. A key-stroke
level model showed a reduction in the number of key-
strokes if the program provided a simple error preven-
tion message.
It was determined that the application needed more
externalization of information that would increase the
directness of the interface. It needed a reduction in the
amount of eﬀort that a user must exert to interpret
the physical state of the system. Signiﬁcant changes
would be required to minimize the users memory load,
increase the speed of mental operations, decrease learn-
ing time, and increase the users control of the system.
The next step was to deﬁne the characteristics of the
potential users of such an application to generalize the
application.
4.2. Step 2: User analysis for the redesigned application
To determine the needs of the potential users of a
family history tracking and pedigree drawing program,
a direct mail survey was sent to 1252 full and associate
US members of the National Society of Genetic Coun-
selors (NSGC). Survey items were mainly closed-ended
with many dichotomous and mutually exclusive items.
Survey items included demographic information, com-
puter usage and experience, and use of technology in
the collection, storage, and usage of family history infor-
mation. The demographic section included the respon-
dents age, gender, level of education, native language,
occupation(s), and years of experience in each occupa-
tion. The family history information collection, storage,
and usage section included how the family history infor-
mation is currently collected, where it is stored, and how
it is used. The computer usage and experience section
was comprised of access to a computer at work, fre-
quency of computer use, type of operating system used,
and familiarity with diﬀerent types of software.
A total of 481 surveys were returned, with a response
rate of 38.4%. The results from this survey demonstrated
that user analysis through direct-mail questionnaires is a
proﬁcient way to obtain information about potential
users and to understand their needs. This survey enabled
us to determine important characteristics of the intended
user population and directly aﬀected the redesign of the
family history tracking and pedigree drawing interfaces.
For example, since the respondents reported that draw-
ing a pedigree freehand is the most frequently used col-
lection method, we decided that a direct manipulation
interface would best mimic this process. Since one third
of the respondents reported that their work environmentis distractive, it was decided to design an interface that
supports easy resumption of tasks.
While approximately 30% of the respondents re-
ported using the computer to collect family history
information, and close to 40% responded that they store
this information electronically, nearly 98% have access
to a computer at work and over 95% use a computer
every day. Based on this survey, we determined that
nearly all respondents could potentially use specialized
software to increase their productivity.
4.3. Step 3: Comparative analyses
The program was then compared to three other
commercial data management and pedigree drawing pro-
grams. The comparison included program cost, program
type, functionality and usability aspects of the interface
screens, use of taxonomies, import/export functions, user
platforms, and availability of analysis tools. A complete
hierarchical task analysis and data entry time compari-
sons were completed on the commercial pedigree drawing
programs as well, and compared to the original version.
These analyses allowed us tomake a comparison of diﬀer-
ent programs at a very granular level.
This comparison showed that there were no signiﬁ-
cant diﬀerences in the cost between any of the programs.
All of the programs had a relational database compo-
nent; however, in just two of the programs could the
data be directly and easily manipulated in the backend
database. Only the original family history application
oﬀered immediate use upon opening of the program
the ﬁrst time and a built-in taxonomy for coding medical
problems. This analysis showed that additional security
features, import/export functions, ability to interface
with other analysis tools, and the addition of a direct
manipulation interface needed to be added to the rede-
signed program.
To address the issue of the hybrid direct manipulation
and form-ﬁllin versus strictly form-ﬁllin interfaces, data
entry time was compared to determine if the object-ori-
ented nature of one commercial program permitted fas-
ter data entry than the strictly form-ﬁllin method of
original family history application. Two experienced
users entered data on a total of 10 families into the origi-
nal family history application and a commercial program
that oﬀered a direct manipulation interface along with
form-ﬁllin. The results showed that although the com-
mercial application was on the average a faster method
to enter data, the diﬀerence was not signiﬁcant. It took
an average of 49 min to enter an average sized family
(40 members) in the direct manipulation and form-ﬁllin
commercial application versus 52 min in the form-ﬁllin
application. The major diﬀerence noted was in the
amount of editing time that was required in the form-ﬁl-
lin versus the direct manipulation and form-ﬁllin appli-
cation. On average the editing time in the direct
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family entered versus 10.5 min per family entered in the
form-ﬁllin application. This diﬀerence occurred because
the form-ﬁllin application forced the user to enter all
data, print or preview the pedigree, and then go back
to the application to ﬁx problems instead of ﬁxing the
problems as data were entered. This suggested that a
combination of data entry and automatic pedigree draw-
ing at the same time would oﬀer the most timesavings.
Finally, the comparative analysis assisted with deﬁn-
ing alternative data display representations. A hierarchi-
cal task analysis of both the original family history
application and another commercial application was
completed. The results of this analysis showed that the
direct manipulation and form-ﬁllin commercial applica-
tion took signiﬁcantly less steps to accomplish the same
goals of the strictly form-ﬁllin application.
4.4. Step 4: Functional analysis
The functional analysis connected each redesigned
interface element with the overall structure of the appli-
cation, what the element or function accomplishes when
active, what it performs, and how the user interacts with
the element. For example, the interface element, ‘‘Initial
Dialog,’’ is shown when a database within the applica-
tion is not linked with the application. This dialog asks
the user whether they wish to create a new database. The
user interacts with the dialog by choosing an option and
pressing OK or cancels execution of the application.
This is only one aspect of the functional analysis and
it shows in concrete terms the results of an abstract task.
The redesigned process required an entire redevelop-
ment of the structure of the application. In addition to
providing the details of the functional elements, it also
provided the information to change the overall environ-
ment to one that mimics the Windows Explorer type of
view. The functional analysis, which involved careful
consideration of the work domain and the cognitive
work of the users, provided the structure of the rede-
signed version.
4.5. Step 5: Representational analysis
The presentation interface of direct manipulation and
form-ﬁllin was based upon the survey results of NSGC
members, the comparative analysis, and the user infor-
mation requirements discovered in task analysis.
Although a combination of direct manipulation and
form-ﬁllin was considered from the beginning, the fact
that the majority of NSGC members surveyed still
hand-drew their pedigrees, even though they had access
to technology, convinced us that we had to try to mimic
that process through direct manipulation. The time
saved and increased eﬃciency found upon comparison
of a strictly form-ﬁllin application versus direct manipu-lation and form-ﬁllin in the comparative analysis further
conﬁrmed this choice.
4.6. Step 6: Creation of the prototype
We used the results of the analyses to build paper
prototypes of the redesigned application. During this
phase, high level navigation, design presentation, and
the functionality of the displays were outlined. The ini-
tial prototype included data entry screens and the pedi-
gree drawing component which allowed the users to
draw the family and enter individual data and provided
automatic data entry of some data linked to the pedigree
component. The main page mimicked a Windows
Explorer type environment to provide the user with
ease of navigation and system state visibility. In this
environment, the user could draw the pedigree through
buttons oﬀered or right clicking on an object on the
screen. Dynasty Technologies (Houston, Texas) was
used a consultant for the pedigree drawing component.
The component for the pedigree drawing used C# as
the implementation language and Microsoft Visual
Basic.NET as the host application. The other features
included automatic drawing directly linked to the data
entry interfaces, customized shading, standardized
pedigree nomenclature, customized subtext labels, full
printing, and editing functionality. See Fig. 2.
4.7. Step 7: Small-scale usability studies
Small-scale usability studies are an important way to
validate interface design decisions and to test alternative
interfaces. Before conducting the small-scale studies, we
conducted iterative heuristic evaluations of the system
based on well-established usability principles and guide-
lines [11,12]. The prototype was revised until all major
and catastrophic usability problems were corrected.
After the heuristic evaluations were completed, a
small-scale usability test was conducted using talk aloud
methods [30] in a controlled laboratory environment. A
total of eight subjects were recruited and asked to com-
plete twelve common tasks within the interface while
talking aloud. The major problems identiﬁed such as
how to begin data entry, continue data entry and label
information on the pedigree were found by 50–75% of
the subjects. These problems were addressed and cor-
rected by modifying the interface to make the data entry
and labeling more intuitive. In general, this usability test
uncovered functional and interface design ﬂaws.
4.8. Step 8: Modify the prototype
The results of the evaluation tests were used to mod-
ify the redesigned application. These tests also allowed
us to identify further functionality that needed to be
added to the interface. Once these problems were cor-
Fig. 2. Prototype of family history and pedigree drawing application.
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the original version.
4.9. Step 9: Compare new and old systems
Finally, the redesigned program was compared to the
original program using a controlled experiment to deter-
mine if the redesign decreased the error rate, increased
productivity, and increased user satisfaction ratings. A
convenience sample of 16 subjects was recruited to par-
ticipate under an IRB approved protocol. After in-
formed consent was obtained, the experimenter read to
the subjects a scripted overview of the study. The sub-
jects were informed that they would be carrying out a
set of tasks in two diﬀerent versions of a family history
and pedigree drawing program.
To prevent learning bias, half of the subjects were
randomized to use the original version ﬁrst and the
other half were randomized to use the redesigned ver-
sion ﬁrst. Subjects were given a set of written instruc-
tions for each version of the program. They were
asked to carry out a series of 12 typical tasks in the
old and revised versions of the program. The tasks in-
cluded in the study were selected since they represented
the most frequently performed functions in each version
of the application. Although the task sets had minor dif-
ferences due to the diﬀerences in the programs, they
were considered functionally equivalent.
At the completion of the assigned tasks on each pro-
gram, subjects were asked to complete the ComputerSystem Usability Questionnaire for each version of the
program [39,44]. The Computer System Usability Ques-
tionnaire is an 18 item questionnaire on a Likert scale
that measures overall user satisfaction, but speciﬁcally
‘‘ease of use, ease of learning, simplicity, eﬀectiveness,
information, and user interface,’’ p. 66 [39]. Administra-
tion and scoring of the questionnaire was followed
according to the authors instructions.4.9.1. Task completion time
A t test showed a signiﬁcant diﬀerence (p < .001) be-
tween the times to complete the tasks in the original ver-
sion and the redesigned version. The mean time the
subjects took to complete all of the tasks in the original
program was 48.3 ± 8.2 min with a range of 37–60 min
compared to 34 ± 6.7 min in the redesigned version with
a range of 24–46 min. This statistically signiﬁcant time
diﬀerence as in the comparative analysis conﬁrmed the
choice of the direct manipulation and form-ﬁllin inter-
face for the redesigned application.4.9.2. Task success
Successful completion of each task by the subjects
was compared within each version of the system. Suc-
cessful completion of a task was determined by the user
being able to start the task successfully within three min-
utes without help from the experimenter.
Chi-square showed that overall diﬀerences in success-
ful user task completions between the original and rede-
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(p > .25). However, there were some diﬀerences in the
completion of individual tasks within each version. Of
the 16 subjects, 13 (81%) did not experience any prob-
lems in the redesigned program with opening the appli-
cation and ﬁnding the data entry screen, but only 3
(19%) were able to successfully complete this task in
the original version. There were two main problems with
the original application: (1) opening the application re-
quired an inconsistent extra step (pressing the ‘‘Enter’’
key), and (2) lack of an intuitive menu name for the data
entry screen. Although the subjects had some initial dif-
ﬁculty with ﬁguring out how to enter the ﬁrst family
member in the redesigned system, 63% did not have
any further problems. However, in the original version
56% (n = 9) continued to have problems with data entry
after entering the initial family member. The original
version had numerous usability problems which have
been previously described [43].
4.9.3. User satisfaction
AWilcoxon signed-ranks test was used to compare the
diﬀerences between the original version and the rede-
signed version in terms of user satisfaction via the Com-
puter System Usability Questionnaire [39]. First, general
overall satisfaction was compared. Then the subscales
of system usefulness, information quality, and interface
quality were compared. Included in the system usefulness
were questions relating to overall satisfaction, ease of use,
eﬃciency, productivity, and ease of learning. Included in
information quality were questions relating to clear error
messages, recoverability from errors, system visibility,
organization of information, ease of ﬁnding information,
and ease of understanding. Finally, the questions relating
to the interface quality included system functionality and
in general, likeability of the interface.
The Wilcoxon signed-ranks test showed a signiﬁcant
diﬀerence with user satisfaction between the original
and the redesigned version. The subjects rated the system
on a Likert scale from strongly disagree (1) to strongly
agree (5) with 3 as neutral on a series of 19 questions.Fig. 3. Diﬀerences in user satisfaction.Fig. 3 shows the mean responses for each of the subscales
of the questionnaire. Overall, subjects ranked the rede-
signed version between neutral and agree on system use-
fulness (sysuse), information quality (infoqual), and
interface quality (interqual). Conversely, the subjects
ranked the original version in all categories between dis-
agree and neutral. Overall the subjects were more pleased
with the redesigned version than the original version.
4.10. Step 10: Make ﬁnal modiﬁcations for program
release
The ﬁnal step in the process of redesign after complet-
ing all studies was making the ﬁnal modiﬁcations based
on the results of the studies. This iterative process as
shown in the redesign cycle in Fig. 4 allows changes to
be made in the redesign process before rollout. The
shaded sections are those stages that need to be accom-
plished in the design of any system. The un-shaded areas
represent the added methods in the process of redesign.
Changes after rollout are very expensive to make.5. Discussion
The methodology we employed in this redesign pro-
cess showed that applications designed without regard
to human-centered design guidelines can be successfully
redesigned, although with signiﬁcant costs. The methods
we used herein can have important beneﬁts toward user
acceptance and thus, use of the program. The end results
showed a signiﬁcant diﬀerence in user performance and
satisfaction between the original and redesigned versions
of this program.
The steps from the analysis of the original version of
the application through the comparison of the original
and the redesigned versions was time consuming and
would not have been needed if the other analyses had
occurred during the design of the original application.
However, the analyses of the original application al-
lowed us to determine the overall functionality and
usability problems with the system and provided direct
evidence that the system needed to be redesigned not
only from a good design point of view, but from the in-
put provided by the users as well. The comparison of the
original with the redesigned application provided the
evidence that the redesigned application was superior
to the original application and was therefore a necessary
step, to show the importance of the work put into the
redesigned application. The results of the usability ques-
tionnaire revealed that the subjects found the redesigned
version far better than the original version in terms of
user satisfaction, eﬃciency, and productivity, ease of
learning, information display, and system functionality.
Analyzing the potential users of the system was neces-
sary to determine the needs of the overall user population
Fig. 4. Redesign lifecycle.
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ular institution. This survey demonstrated that user anal-
ysis through direct-mail questionnaires is a proﬁcient way
to obtain information about potential users of a particu-
lar system, since the ﬁrst step in the design of a successful
product or redesign of an application is to understand the
needs of the user population. This survey enabled us to
determine important characteristics of the intended user
population and directly aﬀected the redesign of the family
history tracking interfaces. For example, since the
respondents reported that drawing a pedigree free hand
is the most frequently used collection method, it was
decided that a direct manipulation interface would prob-
ably best mimic this process. Since approximately one
third of the respondents reported that their work environ-
ment is distractive, we designed an interface that supports
easy resumption of tasks. Based on this survey, it was
determined that nearly all respondents could potentially
use specialized software to increase their productivity.
Additionally, since there was a discrepancy in computer
usage, the redesigned interfaces were designed to support
novice, intermediate, and expert users.
The remaining steps which included the comparative
analysis, the functional analysis, the representationalanalysis, creation of the prototype, small-scale usability
studies, modiﬁcation of the prototype and completion of
the ﬁnal application should be considered as usual steps
in the design of all human-centered applications.
The redesigned system with its direct manipulation
and form-ﬁllin interface appears to bridge what Norman
[45] terms the ‘‘Gulf of Execution’’ and the ‘‘Gulf of
Evaluation.’’ The ‘‘Gulf of Execution’’ was bridged by
creating a direct manipulation interface that matched
the goals of the user. The ‘‘Gulf of Evaluation’’ was
bridged by allowing the user to draw the pedigree as
they were creating a family on the screen thus interpret-
ing and evaluating their results immediately. The more
successful an interface is with bridging these gulfs, the
more it decreases cognitive eﬀort and increases the users
feeling of control. The real-world metaphor that we used
in the redesign vs. the conversation metaphor of the ori-
ginal design allowed the users ‘‘direct engagement’’ [28]
where the users sensed that they were manipulating the
objects central to the task itself. We were able to deter-
mine from the responses of the users that we successfully
minimized the ‘‘distance’’ between the goal of the user
(drawing a pedigree) and the way that task was accom-
plished through the design of the interface [28]. The
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able to redesign a system that matched the real world
tasks of the users and is easy to learn and easy to use.
We believe the resulting redesigned system will allow
the end-users to concentrate on the problem domain
and not on the interface itself.6. Conclusion
This paper demonstrates, through a case study, a
framework for redesigning health care interfaces that
incorporates well-documented user-centered design prin-
ciples. Speciﬁcally, it demonstrates how a system that was
designed without regard to user-centered design guide-
lines can be redesigned using this framework to create a
system that models the characteristics and tasks of the
users, thus increasing user satisfaction. The methods we
employed in our framework show the beneﬁts toward sys-
tem usefulness, information quality, and interface qual-
ity. Health care is an intense information gathering
activity and has a very complex organizational structure.
Understanding the users, the environment, and their
tasks is just the beginning when designing software or
redesigning interfaces. Incorporating user-centered de-
sign principles throughout the design life cycle has the
promise to assist in providing quality health care systems.
In addition to providing a framework for redesign
process, three recommendations are proposed herein.
Number one, there needs to be collaboration among
administration, computer scientists, human factors engi-
neers, cognitive scientists, and clinicians to ensure that
health care applications remain intuitive and invisible,
yet augment the tasks faced by clinicians. Number
two; information technology groups need to be educated
on the principles of user-centered design. Throughout
this process of redesign, the message and solutions to
user-centered problems from the technology group was
‘‘the users will just have to learn these steps.’’ The an-
swer should be, ‘‘No, the users should not have to learn
these steps, they should be easy to understand.’’ Inter-
faces need to be intuitive and promote exploratory
learning and not provoke fear in the users of making
irreversible errors. Third, the user culture needs to be
educated not to tolerate poorly designed systems. How
often it was heard from the users throughout the rede-
sign cycle, ‘‘I am just so dumb when it comes to using
computers.’’ Users need to understand that the majority
of the problems they encounter with poorly designed
systems are not their problems, but are due to inatten-
tion to user-centered design guidelines. It is uncompli-
cated for a designer to create a system without
consideration of whether the system is easy to navigate,
easy to learn, easy to use, and easy to remember. Prob-
lems with user productivity, user satisfaction, user
acceptance and utilization, user errors, user frustration,and user training requirements are often caused by mis-
matches between the designers mental model and the
users mental model of the system. To achieve improve-
ments in the quality of health care and reduce errors,
researchers and system developers must work together
to integrate the knowledge of user-centered design into
the design of new systems. With modest eﬀort, and
attention to user-centered design guidelines, there is
promise in providing quality health care applications,
so that clinicians can focus on integrating the knowledge
gained from the use of these systems and not on the
mechanics of these systems.Acknowledgments
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